Abstract. This study designed a structure of the shape memory composite hinge. Through finite element simulation, the process in positive and negative bending of the lamella was analyzed, and the corresponding nephogram were obtained. Bending moments of different fiber content were studied, the bending of the lamella with different bending distance was simulated, and the curves of bending moment with bending angle in different bending distance were obtained. Hinge bending process simulation shows when the hinge begins to bend; the stress of the inner positive bending lamella is larger. With the increase of the bending angle, the stress of the lateral bending lamella increases. As for the relationship of moment-angle, the process of unfolding of the hinge is basically the same as that of the lamellae. However, the hinge bending moment is much greater than the single layer lamella bending moment. The hinge structure of back-to-back can increase the structure stiffness and the bending resilience ability. The tested moment of the hinge is similar to the simulation result.
Introduction
The space deployable antenna is folded at the time of launch, and expands into the working state after entering the predetermined orbit. With the development of material science, SMP (shape memory polymer) emerges as the times require [1] . Due to the characteristics of the active deformation and the deformation rate of 100% under certain conditions, it is gradually applied in deployable structures [2] [3] [4] .
Shape memory composite hinge is the key component of deployable antenna with shape memory composite material; its matrix is a kind of shape memory polymer. Because the shape memory material is a kind of carbon fiber reinforced composite material, and the mechanical properties are greatly affected by the matrix and carbon fiber content, so the basic mechanical properties of the composites are calculated before the simulation and experimental study in order to provide parameters for simulation study.
Design for shape memory composites and components of the hinge

Properties of Shape Memory Composites
The matrix material of the shape memory composite used for the hinge is an epoxy SMP, and the reinforced material is GQ4522 grade carbon fiber.
Material properties. Epoxy SMP prepared by self, whose performances were tested according to standard "D 638-99 ASTM (1999)". Tensile modulus of elasticity E m =2.75 GPa, Poisson ratio v m =0.30. The shear modulus calculated according to the isotropic material G m =1.06 GPa. Mechanical properties of carbon fiber: tensile modulus of elasticity E f =230 GPa, Poisson ratio v f =0.22, shear modulus G f =94.3 GPa.
Mechanical properties of composites. In order to study the unfolding properties of hinges with different material components, the mechanical properties of different material components were studied. Its basic mechanical properties parameters (E 1 , E 2 , v 12 , G 12 ) were established according to the theory of macroscopic orthotropic elastic parameters of the composite plate.
The macroscopic elastic modulus E 1 of single layer lamella of composite material is determined by Eq. (1)
Where c f is volume fraction of fiber, c m is volume fraction of matrix. The macroscopic elastic modulus perpendicular to the fiber E 2 is determined by Eq. (2)
Poisson ratio v 12 and v 21 are determined by Eq. (3) and Eq. (4) 21
Shear modulus G 12 determined by Eq. (5) 12
In order to study the shape memory hinge with carbon fiber content of 20% and 70%, the mechanical properties of composites with fiber contents are shown in table 1. 
Design of Hinge Element
The shape memory hinge component is made of a composite material lamellae. Its length is 200 mm, the arc radius is 25 mm, the arc angle is 120°, and the thickness is 1 mm, as shown in Fig. 1 
Finite element simulation of shape memory composite hinge Hinge Element -bending Simulation of Lamella
Simulation of positive and negative bending process with different bending degree α. During the bending process, the stress of lamellae changes with the bending angle α. The stress change process nephogram of the shape memory lamella changes with the bending angle α in positive bending process is shown in Fig.2 . It can be seen from Fig.2 that with the increase of the bending angle α of the lamella, the stress of the bending part increases gradually, and the stress in the bending arc decreases gradually from both sides to the middle. However, both sides of the curved arc at the end the stress is slightly larger than the middle, the maximum stress is 225.1 MPa, the position shown in the red part of the Fig. The reason is that the curved end of the arc belongs to the bending transition part, which causes the structural deformation to be larger. It can be seen from Fig.3 that the stress in the bending process is increased with the increase of the bending angle α, but the stress is reduced gradually from the middle to the two sides.
Through the analysis of the simulation of the positive and negative bending of the lamella, it is concluded that the shape memory lamella can achieve large bending deformation. Comparing the stress nephogram of the two cases, it can be seen that the maximum stress of the negative bending is slightly larger than that of the positive bending, and the maximum bending stress is in the middle part of the curved arc, the maximum is 454.8 MPa.
Bending moment of different fiber content. Fig.4 shows the curves of the bending moment of the positive and negative of the lamella with the bending angle as the lamella with the fiber content of 20% and 70%. From Fig.4 , it can be seen that the bending moment of the lamella decreases slightly with the increase of the angle α, but it is very slow. When the bending angle α of the lamella is 160°~170°, the bending moment suddenly increases, then reaches the maximum value, and then decreases rapidly to zero.
Compared with the different curves in Fig.4 , the bending moment of the negative is much larger than that of the positive, and it show that the restoring moment of the negative is larger than that of the positive. It can also be seen that when the fiber content is 70%, the bending moment is greater than that of 20%, which indicates that the carbon fiber has a good reinforce effect on the shape memory lamella. But high fiber content will lead to a reduction of the SMP content, which may affect the recovery performance, so it is not possible to select the fiber content according to the bending moment.
Analysis of bending stress and bending moment with different bending length. The bending part should be heated to the glass transition temperature so to be bend. The bending length of the lamella determines the bending radius and the deformation of the buffer at the end of bending. The effects of the bending stress and the bending moment of the lamella under different bending length were studied by the bending simulation, in order to find the most suitable bending length. Fig.5 shows the maximum stress curves of the lamella under different bending distances. The comparison of the two curves shows that the negative bending stress is much larger than that of the positive bending under the same bending distance.
After analyzing each curve, it can be seen that with the increase of the bending distance, the maximum stress of the lamella decreases gradually, but when the bending distance increases to more than 80 mm, the decrease of the stress is slowed down, which indicates that increasing the bending distance has a good effect on reducing the bending stress of the lamella. However, not the bigger the better, must according to the need to select the appropriate bending distance. Taking into account the limitations of the strength of the lamella, the bending distance selected in this paper was 100 mm, which can not only reduce the space occupied, but also to ensure its strength requirements. Through the bending simulation of different bending distance of the lamella, the curves of bending moment with bending angle are obtained. According to the above analysis, the change trends of the positive and negative bending moment with the angle are basically consistent. Therefore, only a positive bending is used when comparing the data, as shown in Fig.6. From Fig.6 it can be seen that the curve change trends at different bending distance are basically consistent, and the bending moment increases gradually with the increase of the bending distance.
Hinge Bending Process Simulation
Through the finite element simulation of the bending process of the shape memory composite hinge, the stress change process, as well as the bending moment of hinge end with the hinge angle during the bending process are analyzed. The hinge bending distance is 100mm. The two lamellae of the hinge are defined as back-to-back contact and the friction between the two lamellae is ignored. Fig.7 shows the relationship between the bending moment and the bending angle in the process of the hinge unfolding. Compared Fig.4 with Fig.7 , it can be seen that the change trends of the bending moment with the bending angle are basically consistent in the hinge unfolding process and in the lamella unfolding process. However, the hinge bending moment is much greater than the bending moment of a single layer lamella. Thus, the type of back-to-back hinge structure design can improve the stiffness and bending resilience of the hinge. Fig. 8 it can be seen that the stress of the inner positive bending lamella is larger when the hinge begins to bend, as shown in Fig.  8b ) red parts. With the increase of the bending angle, the stress of the lateral bending lamella is increased, as shown in Fig. 8c ). The maximum stress in the whole bending process occurs when the hinge is folded to 0°, in the middle part of the negative lamellae.
Deployment moment test of the shape memory composite hinge
In the test of the hinge deployment process, the force of the hinge points were measured with spring dynamometer. The measurement and mechanism motion diagram are shown in Fig.9 . The tested results are shown in Fig.10 . From Fig.10 it can be seen that the unfolding moment is small as the deployment beginning (α=180°). When α=150°~170°, the unfolding moment reaches the maximum and then decreases slowly. The change trend is similar to Fig.7 , but there are some differences because of the heating process. Because in the initial stage, the hinge slowly heating, the temperature does not reach the glass transition temperature, the hinge began to slowly unfold, so the moment is small. With the increase of temperature, the unfolding moment increases, and then the hinge structure deformation decreases gradually, and the unfolding moment also decreases gradually.
Summary
Through the analysis of the simulation process of the positive and negative bending, it can be concluded that the shape memory lamella can achieve large bending deformation. With the increase of the bending angle, the stress of the bending part increases gradually. Based on the bending moment of different fiber content, it is found that when the fiber content is 70%, the bending moment is larger than that of 20%.
Through the simulation of the bending distance of the lamellae, it can be seen that with the increase of the bending distance, the maximum stress of the lamella decreases gradually. Under the same bending distance, the negative bending stress is much larger than that of the positive bending. Through the simulation of hinge bending process, when the hinge begins to bend, the stress of the inner positive bending lamella is larger. The bending moment of the hinge is much larger than that of the single lamella. The hinge structure of back-to-back type can improve the structural stiffness and the bending resilience of the hinge.
The tested moment of the shape memory composite hinge is similar to the simulation result, but there are some differences because of the heating process.
